| INTRODUC TI ON
Spermatogenesis can be affected by numerous endogenous and exogenous factors, including testicular parenchyma and testicular artery's blood flow disorders. Semen quality evaluation contributes to the assessment of spermatozoa fertilizing ability and male's fertility (Rodríguez-Martínez, 2003) . Besides, colour Doppler and B-mode ultrasonography are non-invasive methods employed in the detection of vascular and echotextural changes, respectively.
Echogenicity of testicular parenchyma can be assessed by determining the value of parameters that reflect the gradation of greyscale levels. B-mode ultrasonography can assess pathological and non-pathological testis morphology in several species, including ram (Gouletsou et al., 2003) . Although controversial results about the ultrasonographic examination of healthy animals have been reported, the testicular blood flow is correlated to spermatogenesis and spermatozoa's fertilizing ability in human and animals (Herwig et al., 2004) . Hemodynamic indices, as Resistive index (RI) and Pulsatility index (PI) have been used to assess testicular artery blood flow in previous studies. Scheibenzuber (2005) noted that although PI was influenced by season, it was not correlated to sperm quantity and quality in stallion. Concerning sheep, measurements of PI, RI, semen volume, concentration, morphology and subjective motility were conducted biweekly on 8 adult Santa Ines rams for 90 days of non-breeding season (Batissaco et al., 2014) . No correlation was observed between hemodynamics and motility, whereas the percentage of spermatozoa with total morphological defects was positively correlated only to the left testis PI and RI. Furthermore, Ahmadi et al. (2012) reported that pixel heterogeneity of testicular parenchyma of 6 Polled Dorset x Rideau Arcott adult rams, approximately 60 days prior to semen collection, was negatively correlated to morphologically normal spermatozoa and semen progressive motility, but positively correlated to sperm tail and head abnormalities. In domestic animals, testicular temperature is properly regulated mainly because of their location into the scrotum and their vascularization. The multiple branching of pampiniform plexus around testicular artery reduces blood pressure and enhances temperature regulation. As the environmental temperature rises, blood flow rises, too. Therefore, spermatogenesis is affected by testicular temperature, but blood flow also plays a key role. Furthermore, it is well known that, including Chios breed, rams' testicular volume exhibits seasonal variation, getting maximum volume during breeding period (Aguirre, Orihuela, & Vázquez, 2007; Avdi, Banos, Stefos, & Chemineau, 2004; Zamiri, Khalili, Jafaroghli, & Farshad, 2010) . In our geographical area, the breeding period of Chios sheep coincides with the increasing period of the environmental temperature. On the other hand, the lack of a range of values concerning ram testicular hemodynamic and echotextural characteristics is a fact.
Hence, the present study aimed to investigate the correlation of testicular blood flow and echogenicity changes with ram semen characteristics of males of different age, during breeding and nonbreeding period.
| MATERIAL S AND ME THODS
The study was approved by the Ethics Committee on Animal Use of the School of Veterinary Medicine, Aristotle University of Thessaloniki, Greece, and all operations were carried out according to the University's guidelines for animal research.
The survey was performed on 7 Chios breed rams stabled in the Department of Reproduction and Artificial Insemination, Thessaloniki, Greece (22°58′ Elongitude, 40°37′ Nlatitude, 32 m, altitude). Seven rams were separated in two age groups: three rams of 2-6 years old (adult) and four rams of 9-13 years old (old). The study was conducted on both ram groups for 12 months, considering both breeding (May to September) and non-breeding (October to April) periods. According to Vosniakou, Doney, and Tsakalof (1989) In the present study, data were grouped by factor levels, namely rams' age (adult and old rams), seasonality (breeding and non-breeding period) and semen collection (before and after ejaculation). Hence, correlation analysis was employed for all possible combinations between the factor levels and the Pearson correlation coefficient was estimated for each one of these combinations. A value of p ≤ 0.05 was considered statistically significant.
| RE SULTS
The number of observations (n) varies between 33 and 60, depending on the number of assessed ejaculations per period, the distribution of the weeks into the experimental period, as well as the ram age
group with different number of tested rams. Concerning the hemodynamic and echotexture variables, t test between the means of the left and right testes revealed statistically significant differences.
Hence, correlation results are presented separately for each testis.
Correlation between semen and hemodynamic variables is presented in Table 1 . Left testis PI of adult rams was correlated to semen concentration, after ejaculation, during breeding period (r=−0.5, n = 33, p = 0.003). Before ejaculation, this index was also correlated to sperm total and tail abnormalities (r = −0.5, n = 33, p = 0.04/ p = 0.03, respectively). Furthermore, both left and right testes RI were correlated before ejaculation to total (r = −0.5, n = 33, p = 0.008/r = −0.4, n = 33, p = 0.01, respectively) and tail abnormalities (r = −0.5, n = 33, p = 0.004/ p = 0.008, respectively).
Furthermore, left testis PI and right testis RI during non-breeding period in adult rams were correlated to semen volume before ejaculation (r = 0.4, n = 45, p = 0.013 and r = 0.6, n = 45, p < 0.001, respectively), whereas after ejaculation semen volume was correlated to right testis PI and RI (r = 0.5, n = 45, p < 0.001).
The results of echogenicity and semen parameters correlation are presented in Table 2 . The LRunEm, GVD and RunLD of the old rams' right testis during breeding period after ejaculation were highly correlated to spermatozoa's DNA fragmentation (r = −0.9, n = 44, p < 0.001), whereas for adult rams, only the LRunEm of the TA B L E 1 Correlation between hemodynamic and semen variables right testis was correlated to this semen parameter before ejaculation (r = −0.6, n = 33, p = 0.001). Also, during non-breeding period, as for the same ram group, left testis LRunEm before ejaculation was correlated to sperm tail and total abnormalities (r = −0.8/r = −0.7, n = 45, p < 0.001). The above-mentioned semen variables during breeding period, were correlated to old rams' left testis Contrast before ejaculation (r = 0.5, n = 44 p = 0.02/ p < 0.001). Old rams' left testis Contrast, during non-breeding period, was correlated to immotile spermatozoa and viability (r = −0.6/r = 0.6, n = 60, p < 0.001) after ejaculation. These two semen parameters were also correlated to MV of adult rams' right testis during breeding period after ejaculation (r = −0.6/r = 0.6, n = 33, p < 0.001).
| D ISCUSS I ON
Semen analysis provides useful information about ram semen fer- (2010) reported that Chios rams of 4-5 years old (similar age with the adult rams group of our study) had better semen quality and in vivo fertility than younger rams of 1-2 years old. Furthermore, Batissaco et al.
(2014) did not find any correlation of RI and PI to Santa Ines breed Old rams-breeding periodbefore ejaculation
Con left testis-sperm tail abnormalities 44 0.5 0.02
Old rams-breeding periodbefore ejaculation
Con left testis-sperm total abnormalities 44 0.5 <0.001
Old rams-non-breeding period-after ejaculation
Con left testis-Immotile spermatozoa 60 −0.6 <0.001
Con left testis-Viability 60 0.6 <0.001
Adult rams-breeding period-after ejaculation MV right testis-Immotile spermatozoa
Adult rams-breeding period-after ejaculation MV right testis-Viability 33 0.6 <0.001
Notes. Each horizontal line presents the correlation between echotexture and semen variables under the specific experimental factor levels. Con: Contrast; GVD: Gray Value Distribution; LRunEm: Long Run Emphasis; MV: Mean Value; n: number of observations; r: Pearson's correlation coefficient; RunLD: Run Length Distribution.
TA B L E 2 Correlation between echotexture and semen variables ram semen concentration, but in agreement with our results, they also did not find any correlation between motility and hemodynamic characteristics. In stallions no relationship between PI and semen volume was observed by Scheibenzuber (2005) .
Spermatozoa's defects have negative effect on fertility.
Semen collection is a stress factor that causes peripheral vasocontraction, increase of body temperature and metabolism and high blood flow resistance inside the testicular arteries. These processes can affect sperm morphology because of hypoxia and reactive oxygen species' production (Balci et al., 2008) . In our research, PI and RI were negatively correlated to total and tail abnormalities, regardless of the rams' age. Yet, Batissaco et al. (2014) found that the percentage of total sperm defects was positively correlated to RI and PI, but their approach was completely different collecting semen by electroejaculation, which is in any case a stressful manipulation. In our study, the ejac- (Santolaria et al., 2015) .
The sperm plasma membrane status is relative to normal sperm function for essential steps of fertilization process, while motility is considered as the most important semen characteristic for in vivo fertility in many species (Tardif, Laforest, Cormier, & Bailey, 1999 ). Yet, we did not find any correlation of the Doppler and ultrasonographical examinations with the major kinetic and motility variables. Researchers who studied the correlation of motility and testis echotexture, either inversely correlated pixel heterogeneity to progressive motility (Ahmadi et al., 2012) , or reported no significant correlation between motility and testicular pixel intensity (Tomlinson et al., 2017) . No published data about the relation between semen viability and testis echogenicity are available. Furthermore, sperm DNA damage has been closely associated with numerous indicators of reproductive outcome, providing useful information that is not acquired by conventional semen tests. In fact, it has been indicated that DNA integrity supports embryo development, reducing return-to-oestrous rates (Waterhouse et al., 2006) . Previous studies have positively correlated the integrity of sperm chromatin with semen variables such as motility and morphology (Foxcroft, Dyck, Ruiz-Sanchez, Novac, & Dixon, 2008) . Other studies found that DNA fragmentation is negatively correlated with the evaluation of classic sperm variables (Perez-Llano, Enciso Garcia-Casado, Sala, & Gosalvez, 2006 ). Yet, no previous studies assessed the correlation of sperm DNA fragmentation with testis echotexture.
We found in old rams' group high negative linear correlation between testis LRunEm, GVD and RunLD and sperm DNA integrity during breeding period (summer). Malama et al. (2013) also reported that seasonality can compensate the potential effect of high summer temperatures on ram semen DNA stability.
In conclusion, alterations in both ram testes blood flow and echotexture seem to be moderately correlated with the assessed sperm parameters, depending on season and ram age. Further research in different sheep breeds is needed to determine a range of values for every hemodynamic and echotextural parameter, as in human medicine.
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